Objective Community-acquired pneumonia (CAP) is a major cause of sepsis, and sepsis-related acute organ dysfunction affects patient mortality. Although the quick Sequential Organ Failure Assessment (qSOFA) is a new screening tool for patients with suspected infection, its predictive value for the mortality of patients with CAP has not been validated. Lactate concentration is a valuable biomarker for critically ill patients. Thus, we investigated the predictive value of qSOFA with lactate concentration for in-hospital mortality in patients with CAP in the emergency department (ED).
INTRODUCTION
Community-acquired pneumonia (CAP) is a leading cause of sepsis and ultimately death in the United States.
1 Sepsis-related acute organ dysfunction is significantly associated with patient mortality. Therefore, early risk stratification using clinical scores and subsequent evaluations of organ dysfunction should be included in the standard of care to identify high-risk patients. Several severity scoring systems, such as the Pneumonia Severity Index (PSI) and confusion, urea, respiratory rate, blood pressure, and age (CURB-65) by the British Thoracic Society, have been used as a basis for diagnosis at the site of care and the prognosis of patients with CAP worldwide. 2, 3 In 2016, the Sepsis-3 Task Force updated the previous definition of sepsis, primarily to accurately differentiate sepsis from simple infection. 4 They defined sepsis as a life-threatening organ dysfunction caused by a dysregulated host response to infection. Organ dysfunction was defined as an increase in the Sequential Organ Failure Assessment (SOFA) score of 2 or higher. In addition, a bedside score for risk stratification, i.e., the quick SOFA (qSOFA), was proposed, which incorporates hypotension, altered mental status, and tachypnea. qSOFA was highly predictive of mortality in non-intensive care unit (ICU) settings. 5 However, the diagnostic and prognostic values of qSOFA, specifically in patients who are in the emergency department (ED), have not been validated and stratified according to the primary cause of sepsis.
In the current study, we investigated the prognostic value of qSOFA in patients with CAP who are admitted in the ED, and the result was compared with that of other pneumonia severity scoring systems. Furthermore, the predictive value of qSOFA with lactate concentration as a useful and practical tool for the early prediction of in-hospital mortality in patients with CAP in the ED was investigated.
METHODS

Study design
This retrospective and observational study included a consecutive cohort admitted in the ED of a hospital located in an urban area in Seoul, Korea. The institutional review board approved this study (KC17RESI0350) despite its retrospective nature. The requirement for informed consent was waived.
Study setting and population
This study was conducted in the Department of Emergency Medicine of Seoul St. Mary's Hospital, a 1,320-bed tertiary teaching hospital. The ED sees approximately 60,000 patients annually. A physician provides initial emergency treatment to all adult patients, including those older than 18 years, who visited the ED due to any medical problems between January 2015 and June 2015. We identified adult patients with CAP based on the discharge diagnosis. Among these patients, those with available laboratory and radiological data were included in the study, and their medical records were reviewed to confirm the diagnosis of CAP. This condition was diagnosed in accordance with the Infectious Diseases Society of America/American Thoracic Society guidelines based on the presence of at least one of the following clinical symptoms: cough, sputum, fever, dyspnea, pleuritic chest pain, coarse crackles upon auscultation, elevated inflammatory biomarkers, and new infiltrate on chest radiography. 6 Patients who were immunocompromised due to certain disease conditions and those who were transferred from another hospital, discharged from the hospital within the last 10 days, diagnosed with hospital-acquired pneumonia, 7 and pronounced dead upon arrival or had received visit-irrelevant medical treatment were excluded.
Data collection
We obtained the following demographic and clinical data from the medical records of the study participants: age, sex, and comorbidi- Hwan Song, et al.
ties, including hypertension, diabetes mellitus, coronary artery disease, cerebrovascular accident, congestive heart failure, chronic kidney disease, pulmonary disease, and malignancy. Data on serum inflammatory biomarkers, such as high-sensitivity C-reactive protein levels, erythrocyte sedimentation rate, and white blood cell count, were obtained during admission in the ED. For qSOFA, data, particularly mental health status, collected by trained triage nurses during patient admission in the ED were collected. The patients were categorized as either alert, verbally responsive, pain responsive, or unresponsive. To assess the disease severity of the enrolled patients, the CURB-65, PSI, qSOFA, SOFA, and Acute Physiology and Chronic Health Evaluation (APACHE) II scores were calculated for each patient, using data that had been collected upon arrival at the ED.
Outcome variables
The primary outcome of interest was all-cause in-hospital mortality. Survival to hospital discharge was defined as the discharge of patients who are alive from the hospital to home or to other health care facilities, including rehabilitation hospitals. The secondary outcomes were ICU admission, length of hospital stay, vasopressor use, and mechanical ventilator use.
Statistical analysis
Data were presented as mean± standard deviation for continuous variables and as percentages for categorical variables. Normally distributed data were analyzed using an independent samples ttest. Data with skewed distribution, expressed as medians with inter quartile range, were analyzed using the Mann-Whitney Utest. The chi-square test was used to compare frequencies. The cut-off score, which represented the optimal trade-off between sensitivity and specificity, was determined. Receiver operating characteristic (ROC) curves for in-hospital mortality were plotted for each predictor using cut-off values, and the predictive accuracy of each predictor was determined by the area under the ROC curve (AUROC) and 95% confidence interval (CI). Models were also established using several logistic regressions to save the predicted probabilities. A ROC analysis was carried out using the saved probability as an indicator. Using this probability, elevated qSOFA or lactate concentration was defined as a qSOFA score ≥ 2 or lactate concentration > 2 mmol/L upon admission to the ED. Their discriminatory power was determined by comparing the AUROCs and the differences between the AUROCs. Pairwise AU-ROC comparisons were also performed between predictors using the nonparametric approach developed by DeLong et al. 8 The data were analyzed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) and MedCalc ver. 12.0 (MedCalc Software, Mariakerke, Belgium). A P-value < 0.05 was considered statistically significant.
RESULTS
Characteristics of the study population
During the study period, a total of 953 consecutive patients with suspected pneumonia were admitted to the ED. Among these patients, 396 patients were excluded due to transfer from another hospital (n = 152), hospital discharge within 10 days (n = 73), immunocompromised status because of certain disease conditions, such as leukemia or human immunodeficiency virus infection (n = 74), and incomplete data (n = 97). A total of 114 patients were also excluded because they did not meet the CAP definition. Thus, only 443 patients were included in this study ( Fig. 1) . Table 1 shows the characteristics and laboratory data of the study population. A total of 44 patients (9.9%) died during their hospital stay. The mean age was 67 years, and 253 patients (57.1%) were male. The mean age was not different between the survivors and non-survivors. Hypertension was the most common comorbidity. A history of diabetes mellitus was more common among non-survivors. The vital signs (i.e., systolic blood pressure, diastolic blood pressure, heart rate, and respiratory rate) of the non-survivors upon admission were more significantly unstable than that of the survivors. The length of hospital stay of the non-survivors was longer than that of the survivors. The use of vasopressor and ventilator support was more frequent in non-survivors than in survivors. Values are presented as number (%), mean ± standard deviation, or median (interquartile range). pH, potential of hydrogen; pO2, partial pressure of oxygen; SpO2, oxygen saturation measured via arterial blood gas analysis; ICU, intensive care unit. 
Prognostic significance of qSOFA and other scoring systems
Of the study cohort, 33 (7.4%) had qSOFA scores ≥ 2, and 145 patients (32.7%) had CURB-65 scores ≥ 3. In addition, 259 patients (58.5%) had a PSI class IV disease or higher, and 243 patients (54.9%) had an increased SOFA score ≥ 2 from baseline. The distributions of each score and their relationships with in-hospital mortality are presented in Fig. 2 . An association between qSOFA, CURB-65, and PSI scores and in-hospital mortality (P < 0.001) was observed. The ability to predict in-hospital mortality was higher when the qSOFA (AUROC, 0.720; 95% CI, 0.675 to 0.761) was used rather than either the CURB-65 (AUROC, 0.652; 95% CI, 0.605 to 0.696) or PSI (AUROC, 0.686; 95% CI, 0.640 to 0.729). However, these differences were not statistically significant. When the discrimination between survivors and non-survivors were compared, the qSOFA scores were slightly lower than the APACHE II score (AUROC, 0.732; 95% CI, 0.688 to 0.773) and SOFA score (AUROC, 0.845; 95% CI, 0.808 to 0.877), which showed that the highest AUROC among the various predictors of in-hospital mortality in patients with CAP (Fig. 3) .
Combination of qSOFA and lactate concentration
When a qSOFA score ≥ 2 or a lactate concentration > 2 mmol/L upon admission in the ED is used as a cut-off point, the sensitivity and specificity for subsequent hospital mortality were 71.4% (95% CI, 55.4 to 84.3) and 83.2% (95% CI, 79.0 to 86.8), respectively ( Table 2 ). The ability of qSOFA with lactate concentrations in predicting hospital mortality was significantly higher (AUROC, 0.828; 95% CI, 0.788 to 0.863) than that of qSOFA alone, and it became Fig. 3 . The receiver operating characteristic curves for in-hospital mortality relative to the predictive power of various scoring systems. (A) The ability to predict in-hospital mortality was higher when the quick Sequential Organ Failure Assessment (qSOFA) was used rather than either the confusion, urea, respiratory rate, blood pressure, and age (CURB-65) or Pneumonia Severity Index (PSI). However, these differences were not statistically significant. (B) When the discrimination between survivors and non-survivors were compared, the qSOFA scores were slightly lower than the Acute Physiology and Chronic Health Evaluation (APACHE) II score and Sequential Organ Failure Assessment (SOFA) score. (C) The ability of qSOFA with lactate concentrations in predicting hospital mortality was significantly higher than that of qSOFA alone or lactate alone. qSOFA with lactate in patients with CAP comparable to that of the standard SOFA (full version) used upon admission (AUROC, 0.845; 95% CI, 0.808 to 0.877). In addition, the AUROC of qSOFA with lactate concentration was significantly different from that of either qSOFA or lactate alone (Table 3) .
Outcomes
The in-hospital mortality of patients who had a qSOFA score ≥ 2 or lactate concentration > 2 mmol/L was 29.1%, which significantly differed from that of in-hospital mortality (4.1%) of other patients (P < 0.001). For the secondary outcomes, significant differences were observed between the groups in terms of ICU admission rate (27.2% vs. 4.4%) and vasopressor or mechanical ventilator use (28.2% vs. 5.9% and 13.6% vs. 4.7%). In addition, patients who had qSOFA scores ≥ 2 or lactate levels > 2 mmol/L had a longer hospital stay (median 7.0 vs. 6.0) ( Table 4) .
DISCUSSION
In the current study, the prognostic performance of qSOFA for inhospital mortality in patients with CAP who presented to the ED was investigated. A considerable number of patients did not meet the criteria for a positive qSOFA score, resulting in a low sensitivity. However, qSOFA with lactate concentration had a better predictive value for in-hospital mortality than conventional prognostic factors in patients with CAP admitted in the ED. CAP is associated with a high risk of developing respiratory failure or septic organ dysfunction. Therefore, early CAP management is based on severity assessment tools. The Infectious Diseases Society of America/American Thoracic Society guidelines, on which many international guidelines are modeled, recommend using both PSI and CURB-65 scores.
6 CURB-65 is very similar to qSOFA in terms of components (i.e., confusion, urea, respiratory rate, blood pressure, and age > 65 years) and is considered as a highly useful tool in the ED. The PSI is known as the best predictor of mortality in patients with CAP. However, the PSI is significantly more complex than the CURB-65, requiring the measurement of 20 parameters with different points for each. 2 However, it is not properly utilized in clinical practice because clinicians find it difficult to use. 9 Chen et al. 10 reported that qSOFA was better than CRB-65 (confusion, respiratory rate ≥ 30/min, systolic blood pressure < 90 mmHg or diastolic blood pressure ≤ 60 mmHg, age ≥ 65 years) in identifying individuals who are at high risk of mortality and those with pneumonia who require ICU admission. Similarly, in our study, qSOFA was applied for mortality prediction in patients with CAP, and it was compared with CURB-65 and PSI. The AUROC of qSOFA was higher than that of the two parameters. However, the difference was not statistically significant. The qSOFA is easier to measure and, thus, relatively useful for patients with pneumonia who are admitted in the ED. The serum lactate level is a known predictor of mortality in patients with sepsis, organ failure, and shock. 11 Hyperlactatemia upon admission is an early marker of organ failure and hypoperfusion, even before clinical hypotension is evident. 12 In the ED, 4 This was based on a meta-analysis of the literature and large cohort study of patients with sepsis, which showed a prognostic value of > 2 mmol/L for mortality in sepsis. 13 CAP is considered as a major cause of sepsis. Accordingly, the recommendations for appropriate sepsis management have been incorporated into the current CAP guidelines and implemented within CAP management bundles. [14] [15] [16] Our study showed that a lactate level > 2 mmol/L, which was measured as the point-of-care testing in patients with CAP, upon admission was the best cut-off value for predicting in-hospital mortality.
The qSOFA was recently proposed as a simple tool for identifying patients who are at high risk for mortality, among those with suspected sepsis outside of the ICU. 4 Although the efficacy of qSOFA in the ED setting varied according to recent studies, [17] [18] [19] [20] another study showed a poor sensitivity for the pre-hospital identification of severe sepsis and septic shock. 21 In the present study, the sensitivity of a positive qSOFA score for the prediction of inhospital mortality upon ED arrival was only 29.6% in patients with CAP, which was significantly lower than that in other studies. This may be due to the inclusion of patients with CAP alone and not those with other infectious diseases. The low sensitivity and poor discriminative ability of qSOFA as a screening tool for ED patients have been a cause of concern since early recognition and prompt intervention are the most important aspects of sepsis management. Various organ failure scores have been used to identify the mortality risk in patients who are critically ill. APACHE II and SOFA scores have been widely used to quantify the severity of various illnesses, particularly in patients in the ICU, and these scores have been validated in several clinical studies. 22, 23 The severity of a patient's disease may be related to an increase in a SOFA score of 2 or more from baseline. Despite the high sensitivity and discrimination ability of SOFA, the computation is extremely complicated, and the value cannot be quickly obtained in the ED. In our study, no statistically significant difference was observed in the predictive power of qSOFA and lactate concentration, which showed independent associations with the in-hospital mortality prediction in patients with CAP and qSOFA criteria. The combination of qSOFA and lactate concentration as an index that can be easily obtained at the initial ED visit may be helpful in determining the treatment management for patients. Ho and Lan 24 recently reported the ability of qSOFA in predicting hospital mortality was further enhanced (AUROC, 0.730; 95% CI, 0.694 to 0.765) and became comparable to that of standard (full version) admission SOFA (AUROC, 0.727; 95% CI, 0.695 to 0.759) when it was combined with arterial lactate concentrations (grouped into 3 categories: < 2, 2-4, and > 4 mmol/L.). For example, when combined with plasma lactate concentrations greater than 4 mmol/L, the qSOFA scores of 2 and 3 were associated with a substantial risk of subsequent mortality, compared to patients with a qSOFA of zero and normal lactate concentration (< 2 mmol/L). Even a moderate increase in lactate concentration (between 2 and 4 mmol/L) substantially increased the risk of mortality in patients with a qSOFA score of 2 or higher. As such, when combined with an elevated lactate concentration ( > 2 mmol/L), a qSOFA score of 2 or higher would be very useful in distinguishing a high-risk patient, who is likely to deteriorate, resulting in subsequent mortality. In our study, qSOFA with lactate concentration was defined as qSO-FA score ≥ 2 or a lactate concentration > 2 mmol/L based on our statistical results. Furthermore, the AUROC in our study was significantly higher than that reported by Ho and Lan. 24 Illness severity that was calculated within 24 hours of ICU admission rather than upon ED arrival could have caused this result. Furthermore, patients with both infectious and noninfectious diseases could have been included in the cohort of the previous study. However, the present study has several limitations. This is a single-center retrospective study with a small sample size. The small study population and lack of control for confounders limited the generalizability of our findings. Since we only assessed inhospital mortality, long-term outcomes were not identified. Thus, future prospective multicenter studies must be conducted. Nevertheless, pneumonia-specific risk scales that include lactate measurement can significantly improve mortality prediction and may be useful in ED settings.
In conclusion, qSOFA with lactate concentration can be considered as a useful and practical tool for the early prediction of in-hospital mortality among patients with CAP in the ED.
